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[57] ABSTRACT

A semiconductor layer for supporting a diode chip of a
semiconductor laser is formed to be higher than a semi-
conductor layer containing a current-conducting re-
gion, whereby stresses acting on the diode chip by
mounting the diode chip are relieved to prevent degra-
dation of performance and reduced life of the semicon-
ductor lascr.

6 Claims, 8 Drawing Figures
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1

SEMICONDUCTOR LASER

FIELD OF THE INVENTION

This invention relates to improvements in a semicon-
ductor laser having a structure which avoids reduction
of the performance and life of the semiconductor laser
resulting from degradation by stresses acting on a diode
chip due to the shape thereof upon mounting the semi-
conductor laser on a heat sink.

DESCRIPTION OF THE PRIOR ART

FIGS. 1a and 1) are vertical sectional views each of
which shows the structure of a prior-art, mesa-stripe
geometry semiconductor laser. On an N-type GaAs
substrate 1, epitaxial layers are successively grown of an
N-type Gaj—xAlxAs (0<x<1) layer 2, P-type GaAS
layer 3, P-type Gaj_xAlcAs layer (0<x<1) 4 and P-
type GaAs layer 5. Further, the surface of the epitaxi-
ally grown layers on one or both sides of a central re-
gion 11 is selectively etched by photolithography so as
to form a groove or grooves. Thus, a mesa-shaped semi-
conductor for supporting a diode chip 12 (and 12') is
formed, which stands adjacent to a mesa-shaped semi-
conductor containing a current-conducting region 11
and separated by the etched groove. Subsequently, the
entire surface of the epitaxially grown layers formed
with the mesa-shaped portions is coated with SiO; 6 as
a dielectric layer. Thereafter, in order to conduct an
operating current without spreading, the SiO; layer 6
on the current-conducting mesa 11 has only the central
part removed with the shoulder part remaining as illus-
trated in FIG. 1q or 1b. Thereafter, an electrode 7 and
an electrode 8 are respectively formed by vacuum evap-
oration, the resultant substrate 1is split into a plurality of
elements by cleavage or scribing, and the individual
split element (diode chip) is bonded to a heat sink of
copper 10 by solder 9. In the prior-art mesa-stripe ge-
ometry semiconductor laser described above, the SiO>
layer 6 is left at the shoulder of the mesa 11, and hence,
the supporting mesas 12, 12’ and the current-conducting
mesa 11 have equal heights. In this respect, the follow-
ing disadvantages occur upon bonding the diode chip to
the heat sink 10 by the solder 9.

(a) Since pressure is applied in the bonding to the heat
sink, a stress is exerted on the active region of the P-
type GaAs layer 3 under the current-conducting mesa
11. (b) When the S10; layer 6 remains at the upper

shoulder of the current-conducting mesa 11, a stress is

exerted by the edge of the SiO; layer. (¢) Due to heating
for the soldering, stresses which are caused by respec-
tively different thermal expansions of the heat sink 10,
solder 9, electrode 7 and S10; film 6 are exerted on the
active region of the P-type GaAs 3 as in (a). When the
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stresses are exerted on the active region of the P-type

GaAs layer 3 in this manner, laser oscillation does not
occur. Even if the oscillation is possible and no problem
is posed as to the performance, the life will become
short. '
In a planar-type semiconductor laser, the supporting
mesa is not provided and a heat sink is mounted on an
electrode on a diode chip through solder unlike the case
of the mesa-type semiconductor laser. As in the forego-

ing, therefore, stresses are exerted on an active region,

so that the planar-type semiconductor laser is incapable
of laser oscillation and becomes short-lived.
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SUMMARY OF THE INVENTION

This invention has been made in order to eliminate
the disadvantages in the prior-art semiconductor lasers.

This invention is so constructed that a semiconductor
layer of a current-conducting portion in a diode chip
formed by an etched groove is lower than a supporting
mounting semiconductor layer and that no dielectric
layer remains on the upper surface of the current-con-
ducting semiconductor layer.

When the semiconductor laser is formed with such
construction, there is prevented degradation of laser
oscillation performance and reduction of life which are
attributed to a stress exerted on the active region of the
current-conducting semiconductor layer upon bonding
the diode chip to a mount. Moreover, influences on the
active region by a stress resulting from etching the
dielectric layer remaining on the current-conducting
semiconductor layer and a stress resulting from to dif-
ferent coefficients of thermal expansion of the heat sink,
solder, an electrode and the dielectric layer at the time
of heating for soldering can be obviated, so that an

enhancement in the performance of laser osclllatlon and
a long life can be further realized.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1a and 1) are vertical sectional views each
showing the structure of a prior-art semiconductor
laser,

FIGS. 2a and 2b are vertical sectional views each
showing the structure of an embodiment of the semi-
conductor laser of this invention,

FIG. 3 1s a vertical sectional view of another embodi-
ment of the semiconductor laser of this invention, and

FIGS. 4, § and 6 are vertical sectional views each
showing the structure of a further embodiment of the
semiconductor laser of this invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

- Embodiment 1:
FIGS. 2a and 2b are vertical sectional views of em-
bodiments of this invention both of which are applied to

the mesa-stripe geometry semiconductor laser. On an
N-type GaAs substrate 1; N-type Gaj_xAlxAs layer
(0<x<0.3) 2, P-type GaAs layer 3, P-type Gaj—x-

Al As layer (0<x<0.3) 4 and P-type GaAs layer 5 are

successively formed by liquid epitaxial growth.
Grooves are formed on both sides of the central part of
the grown layers by photolithography, to form support-
ing mesas 12 and 12’ through the grooves (in FIG. 25,
only one supporting mesa is formed with one groove).
On the entire surface of the semiconductor wafer
formed with the mesas (including a current-conducting
mesa 11), an S10 film 6 is formed to a thickness of about
5000 A by chemical vapor deposition (CVD). Subse-
quently, using photolithography, the SiO; film 6 is com-
pletely removed only at the top part of the current-con-
ducting mesa 11. Thereafter, an electrode 7 and an
electrode 8 are respectively formed by vacuum evapo-
ration, the semiconductor wafer is split into chips of 400
pm X400 pm, and each chip is bonded to a heat sink 10
with solder 9. In this way, the current-conducting mesa
11 1s spaced from the heat sink 10 and becomes lower
than the supporting mesas 12 and 12’ by about 5000 A
corresponding to the thickness of the SiO; film 6. In
consequence, in bonding the diode chip to the heat sink,
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stresses are prevented from acting on the active region
of the P-type GaAs 3.

Embodiment 2:
FIG. 3 is a view of another embodiment of this inven-
tion. On an N-type GaAS substrate 1; N-type Gaj—x.

Al As layer (0<x<0.3) 2, P-type GaAs layer 3, P-type
Gaj Al As layer (0<x<0.3) 4 and P-type GaAs layer
5 are successively grown by liquid epitaxial growth.
Using photolithography, supporting mesas 12 and 12
and a current-conducting mesa 11 are formed. Subse-
quently, only the current-conducting mesa 11 1s etched
with a known etchant containing phosphoric acid by
the use of photolithography, to partially or wholly
reduce the height of this mesa as shown in FIG. 3.
Thereafter, an SiO; film 6 being about 5000 A thick is
formed on the entire mesa-forming surface by the CVD
process, and the SiO; film 6 is completely removed only

at the top surface of the current-conducting mesa 11 by

photolithography. Further, an electrode 7 and an elec-
trode 8 are respectively deposited, the substrate is split
into diode chips of 400 um X400 pum, and each diode
chip is bonded to a heat sink 10 with solder 9. In this
way, the height of the current-conducting mesa 11 be-
comes less than the height of the supporting mesas 12,
12’ by the sum between about 5000 A corresponding to
the thickness of the SiO; film 6 and the etched compo-

nent of the mesa 11.
According to any of the embodiments illustrated in
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FIGS. 2a, 2b and 3, owing to the fact that the height of

the current-conducting mesa 11 is made less than that of
the supporting mesas 12, 12’ and the fact that the S10;
film on the top of the current-conducting mesa 11 1s
completely removed, all the stresses occuring when the
chip is set on the heat sink act on the supporting mesas
12, 12', and no stress acts on the current-conducting
mesa 11. Besides, since the SiO2 film 6 on the current-
conducting mesa 11 is completely removed, the stress
has been reduced which occurs on account of the differ-
ences of the thermal expansions of the metal, SiO2 and
semiconductors at the time of heating for bonding the
diode chip to the heat sink with the solder. Thus, the
stresses acting on the active layer of the P-type GaAS 3

have been significantly relieved. As the result, the oc-

currence of dark-line defects and dark-spot defects

30

35

which arise in the active layer due to the stresses has 45

been lowered, the vield rate of elements capable of
oscillation has been enhanced by about 40%, and it has
become possible to reliably fabricate the elements hav-
ing a life longer than 5000 hours. In the embodiment
shown in FIG. 3, it is not prefered from the viewpoint
of thermal conductivity to excessively increased the
etching depth of the crystal forming the current-con-
ducting mesa. It has been experimentally verified that,
when the etching depth is increased to beyond a certain
extent, the solder coagulates, a clearance is formed
between the heat sink and the current-conducting mesa,
and the thermal conductivity is degraded. The absence
of the contact between the solder on the heat sink and
the current-conducting mesa is demeritorious from the
point of thermal conductivity, but 1t is meritorious from
the point of stresses acting in the element because no
pressure is applied to the laser active region upon bond-
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ing the semiconductor laser chip to the heat sink. In .

some cases, therefore, such expedient is of useful value.
Although the supporting mesa is disposed on only one
side of the active region defining mesa in the embodi-
ment of FIG. 2b and the pair of supporting mesas are
disposed on both the sides of the active region defining

65
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mesa in the embodiments of FIGS. 2a and 3, the number
of supporting mesas may be further increased, and the
arrangement of the supporting mesas can be provided as

desired. Further, although the foregoing embodiments
exemplify the semiconductor lasers of the GaAS-

GaAlAs system, a very small amount of Al can be con-
tained in the GaAs active layer as is known. This inven-
tion is also applicable to the mesa-type semiconductor
laser employing any other semiconductor material. .
Embodiment 3: o
FIG. 4 shows an embodiment in the case of a diffu-
sion type planar semiconductor laser in which a current
path is formed by employing diffusion. ._
After cleaning the surface of an N-type GaAs sub-
strate 1 by etching, Sn-doped N-type Gaj—xAxAs layer
(x~0.3) 2, P-type GaAs layer 3, Ge-doped P-type
Gaj_AlAs layer (x~0.3) 4 and Sn-doped N-type.
GaAS layer 5 are epitaxially grown on the substrate in
the order mentioned. Subsequently, an oxide film (of
SiO; or Al,Q3) is formed on the resultant wafer by the
CVD process. Using photolithography, the oxide film is :
partially removed to form a diffusion window. The
diffusion of Zn is carried out at 700° C. for 15 minutes;
to form a diffused region 13. Subsequently, grooves or
defects 14, 14', 15 and 15’ are formed by photolithogra-
phy and etching. Subsequently, an oxide film (of S10z or
A1,05) 6 is formed by the CVD process on the surfaces -
of supporting mesas 12, 12’ (100 um wide and 5 pm.
high) and a region constructing a planar semiconductor
laser, 16 (300 um wide and 5 pm high), the supporting .
mesas and the region having been formed through etch-
ing grooves and defects. Using photolithography, the.
oxide film is removed only at the top of the region
forming the planar. semiconductor laser 16. The top:
surface with the oxide film removed therefrom is some-
what (1-5 pm) etched, and Cr-Au 7 as a P-type elec-
trode is formed on the surface by vacuum evaporation. :
The electrode material deposited on any other place is
removed by etching. The GaAs substrate 1 has the
lower surface polished and etched into a total thickness
of 100-150 um, and Au-Ge-Ni 8 is formed as an N-type .
electrode by the vacuum evaporation, .
The semiconductor ' laser wafer thus formed is
cleaned along the defects 15, 15' and in a direction or-
thogonal thereto to be split into chips of 600 pm X400
um. The chip is bonded to a heat sink 10 with solder 9.
At this time, the planar type semiconductor laser region.
16 is lower than the supporting mesas 12, 12’ by the
amount removed by etching (1-5 um) and the thickness.
of the oxide film formed on the supporting mesas. 12,
12'. Therefore, the pressure at the bonding of the chip to.
the heat sink is fully applied to only the supporting
mesas 12, 12. As the result, no stress acts on the planar
type semiconductor laser region 16, and it has become
possible to obtain the elements of long life reliably.
Embodiment 4: . S o
FIG. 5 shows an embodiment in the case of an ion
implantation type semiconductor laser in which a por- -
tion other than a current path is put into a high-resist-
ance region by the ion implantation. B
The epitaxial growth on a GaAs substrate 1 is carried -
out as in Embodiment 3 with the exception that the last -
grown layer is changed to Ge-doped P-type GaAs layer:
5'. Au (2-3 um) is formed on this epitaxial grown layer

as a protective film at the implantation of protons, and ' .

a high-resistance region 17 is formed by the known .
proton implantation.' As described in Embodiment 3,
the epitaxially grown layers are formed with grooves
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and defects 14, 14’ and 18, 15’ so as to form supporting

S

mesas 12, 12' and a planar type semiconductor laser
region 16. As explained in Embodiment 3, the top of the
planar type semiconductor laser region 16 is somewhat
(1-5 um) removed by etching, and a P-type electrode 8
is formed by the vacuum evaporation and an oxide film
by the CVD process. The crystal is split into chips of
600 um X400 um, and the chip is bonded to a heat sink
with solder 9. At this time, as in Embodiment 3, the
height of the planar semiconductor laser region 16 is
less than that of the supporting mesas 12, 12’. Conse-
quently, no stress has come to act on the planar type
semiconductor laser region 16, and it has become possi-
ble to obtain elements of long life reliably.

Embodiment 5:

FIG. 6 shows an embodiment in the case of the planar
type semiconductor laser of an InP-GalnAsP-InP sys-
tem. On an N-type InP substrate 1; GaxIn;_xAsyP1_,
(x=0.12, y=0.23) layer 3, and P-type InP layer 4 are
successively grown epitaxially. The crystal grown
wafer is treated by the same method as stated in Em-
bodiment 3, and the chip is soldered to a heat sink 10. As
the result, as in Embodiment 3, no stress acts on a planar
type semiconductor laser region 16, and the effect of
rendering the life of the element longer has been
achieved.

We claim:

1. A semiconductor laser comprising:

a semiconductor wafer having first and second princi-
pal surfaces, a first electrode provided at said first
principal surface, a P-N junction formed with an
active region at said second principal surface, a
current conducting semiconductor region formed
on said active region, at least one second semicon-
ductor region formed into a mesa shape on said
active region and separated from said current con-
ducting semiconductor region by a groove, a di-
electric layer covering said second semiconductor

10

15

20

25

30

35

region and said groove, a second electrode formed 4

on said dielectric layer and said current conducting
semiconductor region, and a heat sink mounted at
said second electrode and being supported by said
second semiconductor region and dielectric layer
thereon forming a mounting support which is
closer to said heat sink than said current conduct-

ing semiconductor region.
2. A semiconductor laser according to claim 1,
wherein said current conducting semiconductor region

45
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3. A mesa-stripe geometry semiconductor laser com-
prising: - -

a semiconductor wafer having first and second princi-
pal surfaces, a first electrode provided at said first
principal surface, a P-N junction formed with an
active region at said second principal surface, a
mesa-shaped current conducting semiconductor
region formed on at least a part of said active re-
gion, at least one support mounting second semi-
conductor region formed into a mesa shape and
separated from said current conducting semicon-
ductor region by a groove, a dielectric layer cover-
ing said support mounting second semiconductor
region and said groove, a second electrode formed
on said dielectric layer and said current conducting
semiconductor region, and a heat sink mounted at
said second electrode and being supported by said
support mounting semiconductor region and di-
electric layer thereon forming a mounting support
which is closer to said heat sink than said current
conducting semiconductor region.

4. A mesa-stripe geometry semiconductor laser ac-
cording to claim 3, wherein said current conducting
semiconductor region is spaced from said heat sink by at
least the thickness of said dielectric layer covering said
second semiconductor region.

. A planar-type semiconductor laser comprising:

a semiconductor wafer having first and second princi-
pal surfaces, a first electrode provided at said first
principal surface, a P-N junction formed with an
active region at said second principal surface, a
planar current conducting semiconductor region
formed on said active region, at least one support
mounting second semiconductor region formed
into a mesa shape and separated from said current
conducting semiconductor region by a groove, a
dielectric layer covering said support mounting
second semiconductor region and said groove, a
second electrode formed on said dielectric layer
and satd planar current conducting semiconductor
region, and a heat sink mounted at said second
electrode and being supported by said support
mounting semiconductor region and dielectric re-
gion thereon forming a mounting support which is
closer to said heat sink than said planar current
conducting semiconductor region.

6. A planar-type semiconductor laser according to

claim 5, wherein said planar current conducting semi-
conductor region is spaced from said heat sink by at

is spaced from said heat sink by at least the thickness of 50 least the thickness of said dielectric layer covering said

said dielectric layer covering said second semiconduc-
tor region.
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support mounting second semiconductor region.
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